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Abstract: We examined the intra- and interindividual variability in selected measures of overall diet quality in
relation to socio-demographic, lifestyle, and health-related characteristics, Three days of dietary data from the
Continuing Survey of Food Intakes by Individuals (CSFID), 1989-91 (7841 respondents, 3337 men and 4504
women, aged 2 19 years), were examined. Measures of overall diet quality were: 1. the Dietary Diversity Score
(DDS), a measure of variety among the major food groups; 2. the Overall Variety Score (OVS), examined the
number of nutrient-dense foods reported; and 3. the Nutrient Adequacy Score (NAS100), evaluated the number
of nutrients consumed at least at the level of the RDA from a total of 11. The ratio of intra- to interindividual
variance for DDS, OVS, and NAS100 was 1.66, 1.09. and 1.21, respectively, indicating higher intraindividual
variability relative to interindividual variability. For each of the three scores, gender, income, education, and
smoking were associated with greater intraindividual variability: however, age, and special diet status were
associated with lower variability. Thus, the reliability of a given dietary assessment protocol for evaluating
“usual” diet quality is likely to vary by the socio-demographic and lifestyle characteristics of the study popula-
tion:

Key words: Overall diet quality, dietary diversity, variability, intraindividual variation, interindividual varia-

tion, CSFII, components of variance, dietary measurement, nutrition survey, diet quality indexes

introduction

Assessment of overall diet quality has been the subject of
several recent investigations [1-10]. The interest in ex-
amining overall diet quality reflects increasing recogni-
tion of the limitations of single nutrients or foods/food
groups for characterizing food consumption patterns giv-
en the complex nature of diets consumed by free-living
individuals, and multicollinearity of dietary variables.
Several studies that examined the relation of measures of
overall dict quality with a varicty of health outcomes in-
cluding mortality from all causes, heart disease, and can-
cer have also appeared recently [11-17].

These developments underscore the need to learn more
about the nature of measures of overall diet quality. Little
is known about the extent of intra- and interindividual
variability in global measures of dietary quality. In the past

attention has been paid to obtaining estimates of intra- and
interindividual variability for nutrients [18-25], and to a
limijted extent for food groups [24, 26, 27].

The information on the extent of variability in measures
of overall diet quality will be useful in determining the ac-
curacy of estimates of “usual” level of overall diet quali-
ty given the number of dietary measurements available.
Further, for large samples, such estimates may also per-
mit a statistical correction of attenuation of simple mca-
sures of association due to large intraindividual variabil-
ity [28]. The information on components of variance and
their ratio is also useful for design of studies interested in
examining overall diet quality [29]. For example, knowl-
cdge of estimated intraindividual variability facilitates
sample size calculations to enable detection of signiticant
differences. The estimated ratio of variance components
can be used for determination of repeated dietary mea-
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surements needed to obtain estimates of usual level of di-
el quality.

The purpose of this study was to examine the intra- and
interindividual variability in threc different measures of
overall dietquality based on individual foods, food groups,
and nutrient intake. Because little is known about the
sociodemographic and lifestyle correlates of variability in
measures of overall diet quality, these issues were also
examined.

Methods

We used data from the Continuing Survey of Food Intake
by Individuals (CSFIL), Series 11, 1989-1991, conducted
by the United States Department of Agriculture. The
CSFII (1989-91) contains a multi-stage, national proba-
bility sample of US households and includes a basic sam-
ple containing all-income households and a low-income
sample [30]. Dietary information for three consecuiive
days was obtained from all members of sampled housc-
holds. and included one interviewer administered 24-hour
dietary recall and 2-day food records.

Analytic sample: For the purpose of analyses reported
here. all respondents aged 2 19 years (n=_8340). with three
complete days of dietary information were eligible for in-
clusion in the analytic sample. From this eligible sample.
we excluded women who were pregnant {n = 119). lac-
tating (n = 703, or subjects answering yes to not eating
enough food on dietary assessment days due to illness,
lack of money or fasting (n=310). The final analytic sam-
ple included 7841 respondents (3337 men and 4504
women).

Veasures of overall diet quality: Three measures of
overall diet quality were examined for variability: 1.
Dietary Diversity Score ( DDS); 2. Overall Variety Score
(OVS); and 3. Nutrient Adequacy Score (NAST00).

The indexes chosen represent three different ap-
proaches to evaluation of overali diet quality. The DDS is
a food group based score and has been related to health
outcome in the published literature [4, 11, 12]. The OVS
is driven by consumption of individual food items and is
one of the most popular indexes of dietary variety in the
published literature [1]. The NAS100, is a nutrient based
index, and was chosen because a large body of published
literature on overall diet quality 1s derived from variations
of this index {11].

The DDS as reported previously by us {71, is based on
variety among the five major food groups (fruit, vegetable,
grain, dairy, and meat). This score increases by one as a

major food group is encountered in each dietary mca-
curement: the maximum possible score is 5. The overall
variety score (OVS)1s a sum of unique foods reported on
the day of dietary measurement from among the five
major tood groups. Food mixtures containing foods from
several food groups could contribute as many points to the
QVS as the food groups comprising the mixed dish. The
nutrient adequacy score (NASI 00} is an assessment of the
number of nutrients consumed at least at the level of 100%
of the RDA from a total of 11.

To compute the OVS or the DDS for each respondent,
foods reportedly consumed at least once by respondents
in the analytic sample (total of 4,689 foods) were first
grouped into the nutrient-dense or the nutrient-poor,
energy-dense categories. The nutrient-dense category con-
tained foods from the five major food groups —dairy, meat,
grain, fruit, and vegetable. The methods used for catego-
rizing foods have been described previously {71 Foods
such as butter, oils, sweeteners, carbonated and alcoholic
beverages, fruit drinks, jams and jellies, and cakes/pies/
cookies were excluded from the major food groups and
grouped into the energy-dense, nutrient-poor category.
Mixed dishes containing foods from more than one group.
¢.g., stews or lasagna, were placedineach food group com-
prising the dish. Thus, €.g., meat lasagna was placed in
dairy. meat, grain, and vegetable groups.

Statistical analysis: All statistical analyses were per-
formed using SAS [31]. Statistical software recommend-
ed for analysis of complex survey data (SUDDAN) was
used to obtain standard errors of estimates [32]. Proce-
dures for estimation of variance components from com-
plex survey data are not yet available in the SUDDAN
package. Therefore, sampling and complex survey design
adjusted estimates of inter and intra-individual variabili-
ty (variance components) were obtained using previous-
ly described methods [33]. The ratios of intraindividual to
interindividual variance components Were also computed
for each measure of dictary quality. This ratio serves as a
summary indicator of the extent of intraindividual vari-
ability relative to variability among individuals. Aratio of
more than one suggests that intraindividual variability is
greater than the interindividual variability [291. Standard
error of the ratio of the variance components was obtained
using the jackknife method as previously described {331

Using the estimated variance components we also com-
puted intraclass correlation coefficients to determine what
proportion of the total variability is accounted for by intra-
individual variance [34}]. A high intraclass correlation sug-
gests that dietary intakes on different days by an individ-
ual are highly correlated and that most of the variability
is contributed by differences among individuals.
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Results

Descriptive statistics on the three scores are presented in
Table I. The mean DDS (number of food groups consumed
from the 5 major food groups) 3-day average score was
4.0 +0.02. Nearly 46% of respondents scored less than 5
on the DDS on all three days. with only 11% scoring 5 on
all three days (data not shown). The 3-day average mean
+ SE QVS (number of unique nutrient-dense foods),
NAS100 (number of nutrients consumed at least at the
RDA level from a total of 1) were 7.8 £ 0.07 and 5.7 =
0.08, respectively.

Table 11 presents the association of the 3-day average
of the three scores with intake of energy and selected nu-
trients. All three scores correlated positively with energy
and nutrient intake (p < 0.05), but were inversely related
(DDS. OVS) or unrelated (NAS100) with fat intake.

Tables 111V present the intra- and interindividual vari-
ance, and the ratio = SE of the two variances, for the three
overall diet quality scores by selected socio-demograph-
ic, life-style, and other health-related variables. With
minor exceptions. the variance ratios for the three scores
stratified by socio-demographic, lifestyle, health-related
factors were greater than one. Women had higher variance
ratios relative to men for each of the three scores. No con-
sistent trends in the relation of variance ratios with eth-
nicity across the three scores were noted. For each score,
increasing age was associated with lower variance ratios;
however, increasing education, income, and employment
were associated with higher ratios.

Never smokers had the smallest variance ratios relative
to former or current smokers for each of the three scores.
No trends in the relation of leisure-time physical activity,

Table 1I: Correlation (Pearson’s r) of the 3-day average overall
diet quality scores with energy and nutrient intake

Nutrient DDS OVS NAS100
DDS 1.00 0.72 0.52
OovS 0.72 1.00 0.66
Energy (kcal) 0.25 0.48 0.67
Fat (% energy) -0.11 -0.03 -0.00
Vitamin C 0.44 0.49 0.51
Vitamin B-6 0.41 0.53 0.75
Folate 0.41 (.53 0.71
Vitamin A (RE) 0.27 (.35 (.46
Vitamin E 0.23 0.37 (.55
Calcium 0.37 0.44 0.64
fron 0.29 0.45 0.69
Fiber 0.39 0.59 0.65

point each is contributed by the food groups —dairy, meat, grain,
fruit, and vegetable.

OVS = number of unique nutrient-dense foods consumed per
day.

NAS100 = number of nutrients for which at least 100% of
the RDA was reported. Maximum score = 11 (nutrients include:
protein, vitamin A, vitamin E, vitamin C, vitamin B-12, vitamin
B-6, folate, calcium, potassium, zinc, and iron).

self-described health status, or body weight status with
variance ratios were evident for any of the scores. Regu-
lar use of vitamin/mineral supplements or being on a
special diet was associated with smaller variance ratios
for each of the three scores.

The intraclass correlation coefficients for the three
scores were generally low (< 0.5), suggesting that more
of the variability in estimates of these scores was due to
the intraindividual variability.

Tuble I: Descriptive statistics on three measures of overall diet quality

Day 1 Day 2 Day 3 3-day average
Dictary Diversity Score (DDS)
Mean £ SEM 4.03+0.02 3.97+0.02 3.99x0.02 4.00 +0.02
95% CI! 3.99-4.07 3.93-4.01 3.95-4.03 3.96 - 4.04
QOverall Variety Score (OVS)
Mean = SEM 7.92 £0.07 773 £0.07 775 £0.08 7.80 +0.07
959 CI 7.78 - 8.06 7.59 -7.87 7.59-7.91 7.66 794
MNutrient Adequacy Score (NAS100)
Mean + SEM 5.41 £ 0.08 5.16 +0.07 517007 5.69 £ 0.08
95% Cl 5.25-5.57 5.02-5.29 5.03-5.31 553584

1956 CI = 95% confidence interval.

DS = Measures variety among food groups. Maximum scores = 5; one point each is contributed by the food groups -- dairy. meat,

grain, fruit, and vegetable.

OVS$ = number of unigue nutrient-dense foods consumed per day.

NAS 100 = number of nutrients for which at least 100% of the RDA was reported. Maximum score = 11 (nutrients include: protein,
vitamin A, vitamin E, vitamin C. vitamin B-12, vitamin B-6, folate, calcium, potassium, zine, and iron). Percent RDA consumed
over three days was averaged before computation of the three-day average NAS100.
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Tuble 111 Intra- and inter-individual variance, variance ratio + SE. and intraclass correlation coefficient + SE of the dietary diversi-
ty score (DDS); three days of dietary data for 7, 841 adults, CSFII, 1989-1991

Intra Inter Intra/inter Intraclass
n (Within) (Between) Within/Between Corr. = SE
Variance Variance Ratio = SE

All 7841 0.47 0.28 .66 £ 0.10 (138 £ 0.01
Socio-demographic variables
Gender
Men 3337 0.43 0.27 1.59 +£0.12 0.38 £0.02
Women 4504 0.51 0.30 1.72 2 0.13 0.37+0.02
Ethnicity
White 6078 0.46 0.27 1.69 £ 0.12 037 +0.02
Black 906 0.57 0.30 1.87 =0.29 0.35+0.03
Hispanic 646 0.48 0.25 1.94 +0.34 0.34 £ 0.04
Other 211 0.59 0.39 1.52 +0.38 0.40 £ 0.06
Agegroup
19-34 years 2495 0.51 0.24 2.12x0.20 0.32 £0.02
35-50 years 2194 0.50 0.28 1.83 £0.20 0.35+£0.02
51-64 years 1374 (.43 0.26 1.63 £0.18 0.38 £0.02
> 65 years 1778 0.39 0.29 1.31£0.13 0.43+002
Education
< 12 years 2384 0.47 0.32 1.46 20.13 041 +0.02
12 years 2809 0.48 0.29 1.65 = 0.16 0.38 £0.02
> 12 years 2556 0.47 0.25 1.90 £ 0.19 0.34 £0.02
Income as percent of poverty threshold
0-130 3008 0.47 0.36 1.32£0.10 0.43 £0.02
131-350 2852 0.50 0.28 1.77 £ 0.15 0.36 £ 0.02
> 351 1981 0.45 0.25 1.83 £0.17 0.35+£0.02
Employment Status
Full-time 3016 0.47 0.23 202 +0.14 0.33 = 0.01
Part-time 936 0.50 0.32 1.55+0.23 0.39 £ 0.03
Not employed 3639 0.45 0.34 1.34+0.13 043 +£0.02
Lifestyle variables
Smoking Status
Never 4115 0.46 0.27 1.68 £0.14 0.37 £0.02
Former 1587 0.45 0.23 1.91 019 0.34+£0.02
Current 2004 0.53 0.28 1.89 + 0.19 0.34 £0.02
Level of leisure time physical activity
Heavy 857 0.47 0.25 1.87 £ 0.21 0.35 £ 0.02
Moderate 3337 0.47 0.26 1.77 £ 0.16 0.36 £ 0.02
Light 3483 0.48 0.32 1.50+0.12 0.40 £0.02
Bedridden 106 0.43 0.29 1.51 £ 0.67 0.40 £0.10
Other health-related variables
Self-described health status
Excellent 1412 0.48 0.24 1.94 +0.11 0.33 £ 0.02
Very good 2326 0.48 0.26 1.85 £ 0.11 0.35+0.02
Good 2635 0.47 0.30 1.56 + 0.10 0.39£0.02
Fair 1052 (.45 0.36 1.24 +0.11 0.44 £ 0.04
Poor 346 0.50 0.38 1.33+0.15 0.43 £ 0.05
Weight staatus
Normal 5471 0.46 0.28 1.65 = 0.10 0.38 £ 0.01
Overweight! 2251 0.50 0.30 1.68 +0.19 0.37 £0.02
How often take any vitamin/mineral supplements?
Every day 2070 0.43 0.28 1.53 £ 0.08 0.39£0.03
Every so often 795 0.54 0.23 239021 0.29 +0.03
Not at all 4915 0.48 0.28 1.69 £ 0.08 0.37 £0.02
Special diet status
Yes 1213 0.44 0.35 1.27+0.16 0.44 £ 0.03
No 6572 0.48 0.27 1.76 £ 0.11 0.36 £ 0.01
Don’t know 56 0.64 0.24 2.63+1.95 0.28 £0.12

DDS = variety among food groups. Maximum score = 5; one point each is contributed by the food groups - dairy, meat, grain, fruit.
and vegetable. ! Overweight was defined as a Body Mass Index (BMI) of > 27.8 and > 27.3 for men and women, respectively.
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Tuble IV Intra- and inter-individual variance, and variance ratio = SE. intraclass correlation coefficient + SE, of the nutrient ade-
quacy score (NAS100); three days of dictary data for 7 841 adults, CSFII, 19891991

Intra Inter Intra/inter Intraclass
n {Within) (Between) Within/Between Corr. + SE
Variance Variance Ratio + SE

All 7841 5.46 4.49 1.21 £0.06 045 +0.01
Socio-demographic variables
Gender
Male 3337 541 4.09 1.32 +£0.09 043 +0.02
Female 4504 5.50 4.02 1.36 £0.10 042 +0.02
Ethnicity
White 6078 5.54 4.35 1.27 £ 0.07 0.44 £ 0.01
Black 906 5.09 4.89 1.03+0.15 0.49 + 0.03
Hispanic 646 5.05 4.12 1.22 +0.28 0.44 £ 0.05
Other 211 5.31 5.63 0.94 £ 0.25 0.51 £0.07
Agegroup
19-34 years 2495 5.95 4.39 1.35x£0.12 042 +0.02
3550 years 2194 5.55 4.41 1.25+£0.12 0.44 £ 0.02
51-64 years 1374 5.51 4.26 1.29 £ 0.15 0.44 +0.03
> 65 years 1778 4.29 4.93 0.87 £0.07 0.53+0.02
Education
< 12 years 2384 5.07 4.51 1.12 £ 0.10 0.47 £0.02
12 years 2809 5.40 4.33 1.24 £ 0.10 0.44 +0.20
> 12 years 2556 5.64 4.36 1.29+0.11 043 +0.02
Income as percent of poverty threshold
0-130 3008 5.00 4.54 1.09 £ 0.08 0.48 £0.02
131-350 2852 5.41 4.66 1.16 +0.10 0.46 = 0.02
2351 1981 5.64 1.03 1.39 £ 0.11 042 +0.02
Employment Status
Full-time 3016 5.69 4.12 1.37 £0.10 042 +0.02
Part-time 936 542 4.80 112+ 0.14 0.47 +0.03
Not cmployed 3659 5.10 491 1.03 £ 0.08 0.49 £ 0.02
Lifestyle variables
Smoking Status
Never 4115 5.36 4.87 1.10 £ 0.08 0.48 +0.02
Former 1587 5.44 3.73 1.45+£0.15 041 £0.02
Current 2094 5.67 4.05 1.40 £ 0.13 042 +0.02
Level of leisure tirne physical activity
Heavy 857 5.44 4.72 1.15S+0.1 0.46 £ 0.03
Moderate 3337 5.62 4.15 1.35+ )()9 043 £0.02
Light 3483 5.30 4.67 1.13£0.08 047 x0.02
Bedridden 106 4.80 2.78 1.72 £0.61 0.37£0.08
Other health-related variables
Self-described health status
Excellent 1412 5.40 4.93 1.09£0.10 048 £ 0.02
Very good 2320 5.55 4.11 1.35+0.13 0.42 +0.02
Good 2635 5.60 4.40 1.27 £0.10 0.44 £ 0.02
Fair 1052 5.16 4.79 1.08 +0.13 0.48 £0.03
Poor 346 4.67 3.74 1.25£0.20 044 +0.04
Weight status
Normal 5471 5.42 4.43 1.22 +£0.07 0.45 £0.01
Overweight! 2251 5.52 4.71 1162 0.12 0.46 £0.02
Special diet status
Yes 1213 5.09 4.69 1.08 £0.11 0.48 +0.02
No 6572 5.53 4.44 1.25 +0.07 0.44 £ 0.01
How often take vitamin/mineral supplements?
Every day 2070 5.38 4.51 1.19 £0.09 0.46 £ 0.02
Every so often 795 5.65 3.85 147 £0.48 (.40 £ 0.03
Not at all 4915 5. 48 4.50 1.22 +0.08 0.45+0.02

N NAS 100 = number of nutrients for which at least 100% of the RDA was reported. Maximum score = 11 (nutrients include: protein,
vitamin A, vitamin E, vitamin C, vitamin B-12, vitamin B-6, folate. calcium, potassium, zinc, and iron).
1 Overweight was defined as a Body Mass Index (BMI) of > 27.8 and 2 27.3 for men and women, respectively.
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Tuble V- Intra- and inter-individual variance. and variance ratic

score (OVS): three days of dietary data for 7,841 adults, CSFII, 1989-1991

y + SE, intraclass correlation coefficient % SE, of the overall variety

Intra Inter Intra/inter Intraclass
n (Within) (Between) Within/Between Corr. + SE
Variance Variance Ratio + SE

All 7841 4.29 3.93 1.09 = 0.06 0.48 £ 0.01
Socio-demographic variables
Gender
Male 3337 4.66 4.28 1.09 +0.09 0.48 £0.02
Female 4504 3.95 3.39 1.16 + (.07 0.46 £ 0.01
Ethnicity
White 6078 4.30 3.85 1.12+0.07 0.47 £ 0.01
Black 906 3.43 372 0.92 +0.20 0.52 +0.05
Hispanic 646 4.69 3.48 1.35+0.26 0.43 £0.05
Other 211 6.67 3.87 1.72£0.61 0.37 :0.08
Agegroup
1934 years 2495 4.97 3.24 1.53 2 0.16 0.39 £0.02
35-50 years 2194 4.29 3.79 1.13£0.12 0.47 £0.03
51-64 years 1374 4.18 4.16 1.00£0.11 0.50 £0.03
2 65 years 1778 312 4.60 0.68 +0.05 0.60 £ 0.02
Education
< 12 years 2384 3.51 315 111 £0.09 047 +0.02
12 years 2809 423 3.93 1.08 = 0.10 0.48 =0.02
> 12 years 2556 4.69 4.03 116 £0.09 0.46 £ 0.02
Income as percent of poverty threshold
0-130 3008 3.48 3.55 0.98 +0.07 051 +0.02
131-350 2852 4.17 3.65 1.14 £ 0.11 0.47 +0.02
2351 1981 4.04 3.94 1.17 £ 0.10 0.46 £0.02
Employment Status
Full-time 3016 4.62 3.73 1.24 £0.11 0.45+0.02
Part-time 936 4.10 3.68 1.11 £0.15 0.47 £0.03
Not employed 3659 3.90 4.41 0.88 £ 0.07 0.53+£0.02
Lifestyle variables
Smoking Status
Never 4115 4.2 4.31 0.99 +0.07 0.50+£0.02
Former 1587 4.3 3.40 1.27 £ 0.15 0.44 = 0.03
Current 2094 4.30 2.74 1.57 £ 0.13 0.39 £ 0.02
Level of leisure time physical activity
Heavy 857 5.03 4.34 .11 £0.15 047 £0.03
Moderate 3337 4.19 3.59 1.17 +0.08 0.46 £0.02
Light 3483 4.20 4.07 1.03 £ 0.08 0.49 £ 0.02
Bedridden 106 3.26 2.23 1.46 + 0.66 041 +0.11
Other health-related variables
Self-described health status
Excellent 1412 455 4.15 1.10 £ 0.11 0.48 +£0.02
Very good 2326 1.31 3.67 1.17 £ 0.10 0.46 +0.02
Good 2635 4.26 4.05 1.05£0.10 0.49 £ 0.02
Fair 1052 4.14 3.87 1.07 =011 0.48 £0.02
Poor 346 327 3.29 099 (.15 0.50 £ 0.04
Weight status
Normal 5471 4.20 4.02 1.05 = 0.07 0.49 +0.02
Overweight! 2251 4.50 3.68 1.22 0.1 0.45 £ 0.02
How often take vitamin/mineral supplements?
Every day 2070 4.37 447 0.98 + 0.08 0.51 £0.02
Every so often 793 4.69 3.05 1.54 +£0.22 0.39 £ 0.03
Not at all 4915 4.17 3.69 1.13£0.08 0.47 +0.02
Special diet status
Yes 1213 3.47 5.35 0.65 £ 0.08 0.61 £0.03
No 6572 4.43 3.66 1.21 £0.08 0.45 £ 0.02
Don’t know 56 4.71 2.15 2.19+09] 0.31 x0.09

O\/Snz number of unique nutricnt-dense foods consumed per day.
I Overweight was defined as a Body Mass Index (BMI) of = 27.8 and 2 27.3 for men
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Discussion

To our knowledge this is the first study to provide national
estimates for: 1. intra- and interindividual variability in
selected measures of overall diet quality, and 2. to exam-
ine differences in variance ratios because of correlates of
nutrient intake such as socio-demographic and life-style
factors. Although estimates of variability of nutrients
[18-25] and food groups are available {24, 26, 27], no
other published estimates of variability of dietary variety
or other measures of overall diet quality are available to
permit a comparison with the estimates reported herein.

As shown in Tables H1-V, the ratios of within subject
variance (intraindividual) to between subject variance
(interindividual) were greater than one, and the intraclass
correlation coefficients were less than 0.5 for most sub-
groups examined, thus indicating that the variability
within subjects was higher than the variability between
subjects. We noted consistently higher ratios in women
relative to men for cach of the three scores (Tables [T1-V).
Women also had higher ratios relative to men in each sub-
group for the three scores examined. (Gender-specific
subgroup variance component data not shown.) Others
have also reported gender differences in variance ratios of
several nutrients, but not always in the same direction [ 19,
23]. With some exceptions, subgroups with high intra-
individual variance also had high interindividual variance.
Among the exceptions is the agegroup = 65 years, which
had the lowest intraindividual variance and highest inter-
individual variance relative to the three younger age-
groups for all three scores. For both OVS and NAS100
the variance ratios for the > 65 vear agegroup were less
than one. The implication of the observed subgroup dif-
ferences in variance ratios is that the number of replicate
measurements needed to minimize the effect of intra-
individual variability will vary by sub-groups comprising
a population. Therefore, the extent to which a fixed num-
ber of dietary measurements yield estimates of usual in-
take will be different for subgroups in a population. How-
ever, the practical application of this observation may be
limited to studies focusing on specific subgroups such as
smokers or the elderly. Liu has argued that in large popu-
lation surveys, using different number of dietary mea-
surements for population subgroups will complicate data
analysis and introduce biases {28].

We had no apriori hypotheses regarding the relation of
socio-demographic or lifestyle variables with the extent
of variability. Generally, the trends in socio-demograph-
ic, and lifestyle differences are in accord with intuitive
reasoning. For example as noted previously, with higher
income and education, there was more variability both
among and within individuals, as might be expected with
more knowledge and availability associated with educa-

N

tion and income. Similarly, with increasing age. as indi-
viduals develop typical food patterns. a decrease in intra-
individual but increase in interindividual variability was
noted.

Previous reports suggest higher variance ratios for
foods/food groups relative to nutrients [24, 26]. Of the two
food/food group based measures of overall diet quality ex-
amined in our study, the lowest variance ratios were not-
ed for the OVS (1.09), and the highest for the DDS (1.66).
The variance ratios for the (GVS) were smaller than the
published ratios for most nutrients [19-24] and food
groups [24, 26]. Even the variance ratio for DDS (1 .66) 18
smaller than the ratios reported for most food groups. One
reason for these smaller variance ratios may be that the
measures examined (DDS and OVS) do not consider the
amount of food consumed beyond 4 minimum qualifying
cutoff. One consequence of not considering the amount
may be to decrease both the intra- and the interindividual
variability in these scores. However, the decline in intra-
individual variability may be greater than that of inter-
individual variability because there is evidence that por-
tions consumed have greater iutraindividual variance
relative to the interindividual component [35].

Some limitations of our study must be acknowledged.
The data were limited to threc consecutive dietary mea-
surements. There is evidence that dictary intake on con-
secutive days tends to be correlated [24], thus resulting in
smaller variance ratios relative to when the intake is ex-
amined on noncensecutive days. Furthermore, no infor-
mation is available on whether dietary intake of the vari-
ous socio-demographic subgroups in a population has sim-
ilar degree of correlation on consecutive days.

In conclusion, the intraindividual variability was high-
er than the interindividual variability in all three measures
of overall diet quality examined. The extent of variabili-
ty appeared to be associated with socio-demographic. life-
style, and health-related factors. Further work on under-
standing the extent of variability in other recently pro-
posed global measures of healthy diet (e.g., the Healthy
Eating Index of USDA) is needed.
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